. Archives The purpose of this article is to describe a new syndrome with a familial tendency. The chief manifestations are pulmonary arterial hypoplasia or stenoses, neonatal liver disease usually with obstructive jaundice clinically suggesting neonatal hepatitis or intrahepatic biliary atresia, and some minor skeletal and other features.
Clinical details
Five families are reported with 21 children. Of these children, 5 seemed normal, 11 had liver involvement, and 14 had cardiovascular abnormalities; thus 9 had both. Of the 14 children with cardiovascular abnormalities, 12 had evidence of pulmonary arterial stenoses which were shown in 9 by arteriography, in 1 by necropsy, and in 2 more were suspected on strong clinical grounds; 1 stillborn child had a truncus arteriosus; and in 1 child the diagnosis is unknown. No adults underwent a full cardiac investigation, but one parent in each of 3 of the families had strong clinical evidence of pulmonary arterial stenosis and a fourth had suggestive signs, all 4 having consulted cardiologists in the past. The family trees for the 5 families are shown in Fig. 1 .
The 5 families appeared to be unrelated; in 4 the parents were English, while in family S the father was Polish and the mother Italian. There was no parental consanguinity.
Biochemical investigations were performed by routine methods. Levels of serum 5'-nucleotidase (said to be more specific than alkaline phosphatase in hepatobiliary disease) were estimated by the method of Persijn et al. (1968) , the usual normal adult levels Received 20 October 1972. falling within the range of 2 to 17 units/I., most being below 11 units/I., and children having lower levels. Cardiac catheterizations were carried out at the Royal Manchester Children's Hospital by standard methods.
The significant cardiological findings and liver function tests in all the affected children are summarized
in Tables I and II , respectively, and the pedigrees are shown in Fig. 1 . Fig. 2 shows pulmonary arteriograms on single frames of 16 mm cineangiograms, Case R II.1.* Jaundice from soon after birth, becoming progressively deeper with obstructive symptoms. Liver enlarged 3 cm, becoming impalpable later. Laparotomy at age 10 weeks and again at 14 weeks: gall bladder and common bile duct patent, but hepatic ducts not found, nor visualized on cholangiography with common duct clamped. Liver biopsy at age 10 weeks: appearances suggested obstruction; empty medium-sized ducts seen in portal areas. Biopsy at age 14 weeks: bile plugs in canaliculae; ducts not now seen in portal areas. Systolic murmur noted, but no cardiological investigations carried out. Died at age 2k years; no necropsy. Case R II.2.* Harsh and persisting systolic murmur noted in infancy; ECG showed right ventricular enlargement but no cardiological studies. Failed to thrive; liver noted to be enlarged. Extensive investigation negative; no malabsorption. A raised alkaline phosphatase was noted, which fell after additional vitamin D, but no other evidence of rickets. Died unexpectedly of pneumonia at age 21 years. Necropsy (viscera available to us) showed secundum atrial septal defect; right ventricle dilated and also hypertrophied; distal pulmonary artery stenoses due to constrictions, largely at bifurcations, walls being histologically normal. Liver normal macroscopically and microscopically. Kidneys normal except for some narrowing of cortex, and some increase, confined to the immediate subcapsular region, in the number of immature glomeruli. System arteries in all available viscera normal.
Case Case S I. 7. Admitted elsewhere because of jaundice from first few days of life lasting for 5 months, with abnormal liver function tests and clinically suggesting 'neonatal hepatitis'. Grade 2-3/4 systolic murmur heard at this time over upper sternum and over lungs. Investigation later showed pulmonary arterial hypoplasia (Fig. 2g) .
Case S II.8. Jaundice for only a few days after birth, ? significance. No other significant symptoms; liver function not investigated. Grade 4/4 systolic murmur; cardiac investigation showed valvular pulmonary stenosis and pulmonary arterial hypoplasia (Fig. 2h) .
Case S I.9. No symptoms Grade 2/4 systolic murmur at left 2nd intercostal space and over lungs. No other investigations permitted. Case S II.10. Slight dyspnoea on feeding. No liver symptoms. Grade 3/4 systolic murmur in left 2nd intercostal space and over lungs; investigations showed valvular pulmonary stenosis and pulmonary arterial hypoplasia. Died unexpectedly elsewhere, aged 4 months, from gastroenteritis; necropsy refused.
Parents. All parents were seen, and all examined by us except for S 1.1, who died aged 47 from a gastric carcinoma. Except as noted, there were no relevant findings in their history or on examination; none had significant symptoms.
Case B L.1. 'Heart murmur' found at age 11 years.
Broad skull, prominent ears. Grade 2/4 systolic murmur maximal in left second intercostal space but well heard over left upper lobe. Normal chest x-ray and ECG. Brother said to have died of congenital heart disease at age 3 years.
Case M .l. 'Heart lesion' found in infancy. Thin build, round dorsal kyphos, large prominent ears, flat top of head, long prominent chin, irregular teeth. Grade 3/4 systolic murmur across upper sternum and well heard over both lungs Chest x-ray-nil of note; ECG-rsR' pattern in VI.
Case N 1.2. Close facial resemblance to her two affected children. Some telangiectases; no murmurs.
5'-Nucleotidase higher than is iisual. Case R L.I. 'Heart murmur' found at age 3 years. Right ventricular impulse, grade 3/4 systolic murmur across upper stemum and well heard over lungs. Chest x-ray uninformative; ECG-mild right ventricular enlargement. High 5'-nucleotidase. Case S 1.2. 'Heart murmur' said to have been found at age 4 years. Mother, and mother's sister, said to have had congenital heart lesions Grade 2/4 systolic murmur maximal in second left intercostal space and well heard across upper chest and over lungs. Chest x-ray and ECG uninformative.
Liver function tests were carried out on all parents except S I.1 and S I.2, and were normal except in Case N I.2 where 5'-nucleotidase levels, on separate occasions, were 22 5 and 15-8 mU/ml; and in Case R I.1: alkaline phosphatase 17 KA units and 5'-nucleotidase 39 mU/ml.
Parental blood cholesterol levels ranged between 200 to 300 mg/100 ml.
Special features
Birthweights. Of the 14 affected children bom alive at term, none weighed over 3 2 kg and 5 weighed 2*72 kg or less at birth; while of the 5 apparently normal children, 3 weighed over 3 4 kg and only one weighed as little as 2 -72 kg. A similar low birthweight has been noted in cases of neonatal hepatitis (Danks and Bodian, 1963) and is also present in most of the other children seen at this centre with idiopathic or familial pulmonary arterial stenoses.
Size. All the affected children were small and most were thin, only 2 being above the 15th centile for height and weight, but 4 of the apparently unaffected children were also small. Affected and unaffected parents were of low normal height.
Physical features. The affected members tended to have rather odd facies, with some similarities between families. The facies tended to be rather flat, with rather high, wide cheek bones (though in family S Polish blood might account for this), and sometimes with a prominent forehead and prominent chin. Ears were malformed in R II.3, and prominent in 5 other cases. Some of these features could be recognized in the apparently affected parent, especially in families M, R, and S. The eyes were in general rather deep set and the extremities were normal; no one had the prominent eyes and stubby fingers noted in cases of cholestasis by Juberg et al. (1966) and Hirooka and Ohno (1968) (1972) .
Frequently there are additional cardiovascular lesions, and these commonly include those observed in 5 of the present cases.
The lesion is often mild and usually asymptomatic and nonprogressive. Its frequency may have been underestimated because the murmur may be regarded as innocent, because associated defects may confuse the diagnosis, especially without angiocardiography, and because,at necropsy, the pulmonary artery branches may not be fully examined.
In our cases sib involvement has been shown in families M, R, and S, and is most probable in N. Dominant inheritance seems very probable in families M, R, and S. Rubella was excluded by virological tests, and the facial features and normal intelligence did not suggest hypercalcaemia.
Association of pulmonary arterial stenosis with liver disease. The coexistence of familial pulmonary arterial stenoses and liver disease appears striking, but its significance must be assessed. If we take the frequency of congenital heart disease as 6/1000 live births, of pulmonary valve stenosis as 10% of all cases of congenital heart disease, of pulmonary arterial stenoses as 10% of the cases of valvular stenosis (as is found in this centre), and familial pulmonary arterial stenoses as perhaps occurring in 25% of all families with one propositus, then the incidence of propositi with familial arterial stenoses is about 1 or 2 per 100,000 births. The incidences of neonatal hepatitis and of biliary atresia have been estimated as A464 group.bmj.com on August 15, 2017 -Published by http://adc.bmj.com/ Downloaded from 1 in 25,000 births (Paton, 1969) . These figures suggest that the association of the lesions in the present families is not accidental.
The features suggest an inherited syndrome of clearly variable penetrance, with multiple manifestations, and for this we suggest the name 'arteriohepatic dysplasia'.
It is not clear how many patients have only one of the two main abnormalities. Apart from R II.2, 6 such liveborn children are noted, but they all belong to family S and information about them is incomplete. 2 with liver disease died in infancy elsewhere many years ago and pulmonary arterial stenoses cannot be excluded, while the 4 noted as having only cardiovascular lesions have not undergone hepatic investigations. Unfortunately, family S is now inaccessible. However, none of the 4 had any significant history.
The normal liver function tests in one clearly affected father (M I.1) could conceivably be due to complete recovery of an asymptomatic, or forgotten, neonatal hepatitis, and might not be an indication that the liver was never involved.
These considerations raise the question whether other children with pulmonary artery stenoses may have the same syndrome without overt liver involvement. However, the family history in 12 such children with nonrubella pulmonary artery hypoplasia, and liver function tests in 7 of them, have been negative. Cardiovascular lesions in infants with obstructive jaundice. We have reviewed the notes of all other adequately documented cases admitted to the three Manchester children's hospitals in the past 10 to 20 years with diagnoses of biliary atresia and neonatal hepatitis, excluding so far as possible those with evidence of a viral aetiology. 42 cases were said to have 'neonatal hepatitis' and 32 'biliary atresia'. Systolic murmurs regarded as 'significant' were noted in 6 cases, 5 having supposed biliary atresia. 2 of these 5 children had Down's syndrome with, clinically, large septal defects. Of the others, 1 infant was recorded by a most reliable observer as having congenital heart disease with a loud systolic murmur, but necropsy at the age of 4 months revealed no cardiac lesion though the pulmonary arteries were not explored; his mother had congenital heart disease of unknown nature with a loud systolic murmur. The other 2 had undiagnosed systolic murmurs which were audible over the lungs as well as the praecordium, and both were felt to have intrahepatic biliary atresia; 1 developed hypercholesterolaemic xanthomatosis and was still alive after 11 years. Unfortunately, no further information about these families is obtainable, but the features are consistent with the present syndrome.
The child with 'neonatal hepatitis' is one of two sibs, both of whom had neonatal hepatomegaly, but no jaundice except during infections 1 and 4 years after birth. Liver biopsy in each showed extensive fatty vacuolation of liver cells. 1 of the 2 had a distant systolic murmur over the lungs, but at investigation at age 20 months pulmonary artery pressure gradients were minimal and arteriography probably normal. We feel unjustified in including these 2 children.
A review of the literature has been uninformative. Some association between congenital heart disease and biliary atresia has been long suggested, and Krovetz (1960) Alagille et al., 1969) . However, as Harris and Andersen (1960) and Cotton (1960) The liver function tests showed a very variable pattern. In some there was a moderate rise in transaminases; and in some a high phosphatase, especially 5'-nucleotidase, suggesting biliary obstruction. In some the transaminase levels slowly fell, but evidence of obstruction persisted. The blood cholesterol levels were high in three, as noted by Ahrens, Harris, and MacMahon (1951) and Haas and Dobbs (1958) in 'intrahepatic atresia', but were normal or only a little raised in the other cases, though still perhaps compatible with some degree of obstruction. The normal liver histology in Case R II.3 and the absence of hyperbilirubinaemia in several cases suggest that any obstruction must be very high. It may be that the chief obstruction in our cases is not always at the same site, but nevertheless we feel that a primary defect, perhaps not uniformly distributed, in the hepatocyte-canalicular region could account for all the hepatic manifestations.
In none of our patients was giant cell change seen in liver sections, but the numbers are too small to provide a distinction from cases of 'neonatal hepatitis' where giant cells are commonly seen. In any case giant cells are not of primary significance in the diagnosis, as it seems likely that they are merely a response to injury. We feel, therefore, that our cases offer support for the view of Hays et al. (1967) 
